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OVERVIEW 
 
Parasitic diseases significantly affect the success and profitability of many animal industries. The 
parasites may cause significant mortality (adult, neonatal or foetal death), morbidity (clinical signs 
such as diarrhoea, anaemia or fever) and production losses (reduced meat, milk or fibre yield). The 
treatment and control of infections is expensive, time-consuming and labour-intensive. Anti-parasitic 
chemicals are widely used for both therapy (cure) and prophylaxis (prevention) but they are costly 
and difficult to administer accurately. Treatment failure is becoming more frequent particularly since 
the emergence of drug-resistant strains of parasites. The widespread translocation of stock across 
state and international boundaries has resulted in many parasite species and strains becoming 
cosmopolitan throughout the world. Some, however, are still confined to specific regions by climatic 
factors (especially temperature and rainfall patterns) conducive to their transmission and survival. 
Unfortunately, the best conditions for grazing livestock are also often the best for parasite survival. 
 
Parasites belonging to each of the 3 major assemblages occur in domestic ruminants; namely: 
· protozoa (single-celled organisms) comprising flagellates, amoebae, sporozoa and ciliates; 
· helminths (worms) comprising nematodes (roundworms), cestodes (tapeworms) and trematodes 
(flatworms or flukes); and 
· arthropods (ectoparasites) comprising arachnids (ticks, mites) and insects (fleas, lice, flies). 
 
A range of parasite species have been described from sheep and goats; some being very host specific 
whereas others may infect either host. Most of the contemporary information on parasites of small 
ruminants has come from the sheep industry, but it cannot be overemphasized that goats are not sheep 
and they should not be treated similarly. They are unique animals with different behavioural, 
biochemical and physiological traits which influence the ways they interact with their parasites and 
the ways they can be treated. The following sections present information on some common parasites 
of goats in Australia and outlines problems associated with their treatment and control. 
 
 
PROTOZOAN PARASITES 
 
All protozoa are single-celled microscopic organisms and many species are parasitic in vertebrate 
hosts. The most successful parasites are the sporozoa (or ‘spore-formers’). The coccidia, in 
particular, are well known pathogens of domestic livestock. Coccidia produce spores (called 
oocysts) which are very resistant to external environmental conditions. Infections are transmitted by 
oocysts shed in the faeces of one host being ingested during grazing by another susceptible host. Two 
types of coccidia are recognized on the basis of numerous differences in their life cycles; 
 
· enteric coccidia (with simple direct life cycles mainly involving herbivores), and 
· tissue cyst-forming coccidia (with more complicated indirect life cycles involving alternation 
between herbivores and carnivores). 
Enteric coccidia 
 
(a).   Eimeria spp. 
 
These parasites typically form oocysts containing 4 secondary spores (sporocysts) each containing 2 
infective sporozoites. They have monoxenous (one-host) life cycles and are common in herbivores. It 
was previously thought that sheep and goats were infected by the same parasite species but recent 
cross-transmission studies have indicated that they are host specific and will only infect sheep or 
goats, not both. A total of 15 Eimeria spp. have been found in sheep and another 13 species in goats. 
 
After oocysts have been ingested by a susceptible host, the sporozoites are released and invade the 
intestines where they undergo several cycles of asexual proliferation. The parasites then undergo 
sexual development culminating in the formation of the next generation of oocysts which are excreted 
with host faeces. The whole life cycle may be completed in as little as 3-4 days which means 
infections may be transmitted rapidly from host to host. 
 
Most parasite species are not significant pathogens and cause little or no disease. Certain species, 
however, are highly pathogenic and cause serious erosion of the mucosal membranes through cell 
lysis resulting in profuse watery-to-bloody diarrhoea. Pathogenicity depends on many factors; such as 
parasite species, infective dose, reproductive potential, location in tissues, host age, nutritional and 
immune status. Young animals are most susceptible to clinical disease although survivors develop 
strong protection against subsequent infections. The most pathogenic species in goats are E. arloingi 
and E. ninakohlyakimovae which infect the small and large intestines. In many cases, the 
development of disease may be so rapid that any curative treatment may be applied too late for 
individual animals. Flock treatment, or treatment of neonates most at risk, may be indicated in 
outbreak situations. 
 
TABLE 1. DRUGS USED AGAINST COCCIDIAN PARASITES 
 
 
 COCCIDIOSTATIC/COCCIDIOCIDAL  DRUGS 
 
 Antimetabolites 
  folate antagonists and inhibitors (sulfonamides, ethopabate, diaminopyrimidines) 
  thiamine antagonists   (amprolium) 
  purine antagonists   (glycarbylamide) 
  mitochondrial inhibitors  (hydroxyquinolones, pyridones) 
  membrane ion shunts   (polyether ionophorous antibiotics) 
 
 Nucleoside analogs 
  uridine analogs   (tiazuril, azauracils, toltrazuril) 
  adenosine analogs   (arprinocid) 
 
 Other modes of action 
  organic arsenicals   (roxarsone, arsanilic acid, arsenobenzene) 
  nitrobenzamides   (nitromide, zoalene) 
  nitrofurans    (nitrofurazone, furazolidone) 
  bis-guanidines    (robenidine) 
  bis-nitrophenols   (nitrophenide) 
  halofuginone 
 
A wide range of drugs (Table 1) have exhibited some preventive or curative activity against enteric 
coccidia of vertebrates; including those in small ruminants. In many instances, however, dose rates 
have not been specifically determined for goats and many producers use formulations ‘off label’ at 
dosages appropriate for sheep. Most of the drugs are cleared faster from goats than in sheep due to 
their higher metabolic rate and may therefore have little effect. This can lead to the belief that drug 
resistance has developed or that stronger doses are required in goats.  
 
It is inadvisable to encourage the use of larger doses because many drugs are already used at 
concentrations which are just below toxic levels. It is also inappropriate to change to other 
formulations where nothing is known about their toxicity in goats. Although some drug resistant 
strains of coccidia have been detected in sheep and goats throughout the world, they are currently not 
that widespread or prevalent in Australia and most coccidiostatic drugs approved for goats can still 
be used with good efficacy. 
 
(b).   Cryptosporidium spp. 
 
These parasites are characterized by the formation of oocysts which do not contain sporocysts 
(indeed, the name Cryptosporidium means ‘hidden spores’). These parasites have gained recent 
notoriety as a cause of severe diarrhoea in man and animals; especially neonates and immuno-
compromised individuals. Infections were first recorded in mice over 90 years ago but they have only 
been associated with clinical disease in man and domestic animals since the early 1980’s. Infections 
have been detected in 4 vertebrate classes (mammals, reptiles, birds and fish) and it is thought that 
separate parasite species occur in each vertebrate class. However, infections appear to be readily 
transmissible to different host species within the same vertebrate class. Numerous instances of 
mammal-to-mammal transmission have been recorded; including zoonotic transmission to man. 
 
Sporadic outbreaks of cryptosporidiosis have been diagnosed in goats in different states of Australia; 
particularly in neonates crowded together under intensive farming situations. Infections cause profuse 
watery diarrhoea and the host becomes rapidly dehydrated. The parasite has a life cycle similar to 
that of other enteric coccidia. However, they may undergo repeated cycles of infection in the same 
host through the process of auto-infection. This amplifies their pathogenic effects and many acute 
infections can either prove fatal or lead to chronic disease with reduced productivity parameters 
 
At present, there is no cure for infections. Over 250 drugs have been tested and none have proven 
effective. Oral or parenteral rehydration therapy may help to alleviate symptoms and most mild 
infections resolve spontaneously leaving the host solidly immune to subsequent re-infection. Control 
measures which have proven partially effective include the isolation and confinement of infected 
individuals, disinfection of contaminated surfaces (by steam-cleaning), maintaining high standards of 
hygiene and providing clean drinking water. 
 
Cyst-forming coccidia 
 
(a).   Toxoplasma gondii 
 
All cyst-forming coccidia have heteroxenous (2-host) life cycles involving cyclic transmission 
between carnivorous definitive hosts and herbivorous intermediate hosts. The most notorious of the 
cyst-forming coccidia is Toxoplasma gondii which undergoes sexual development and oocyst 
formation exclusively in cats. However, asexual development and tissue cyst formation may occur in 
any other mammalian species; including domestic ruminants. Infections have been detected in sheep 
and goats throughout Australia and some have been associated with focal outbreaks of abortion and 
stillbirth. 
The parasites undergo several cycles of asexual proliferation in the tissues of the intermediate hosts. 
During the acute phase of infection, the parasites multiply in a variety of host cells but as infections 
become chronic, the parasites form large accumulations of zoites in certain host tissues (especially 
the brain, heart and skeletal muscle). The parasites are bounded by a thin cyst wall and the tissue 
cysts persist for months and even years after infection. The process of cyst formation coincides well 
with the development of host immunity; not a sterile immunity (where the infection is cured) but rather 
a state of premunition (where asymptomatic chronic or latent infections persist). In most instances, 
infections do not produce any clinical signs of disease. Occasionally, individuals may exhibit vague 
nonspecific clinical signs which usually resolve within one week of infection. Most infections 
therefore go undiagnosed and are of little concern to producers. 
 
Tragically, however, acute infections may be transmitted transplacentally. If an uninfected female 
contracts infection during pregnancy, the parasite may cross the placenta and invade the foetus 
causing severe damage manifest by spontaneous abortion, stillbirth or congenital abnormalities such 
as hydrocephalus, brain calcification or chorioretinitis. Reproductive failure due to this parasite does 
not recur in individual animals as infected females transfer their immunity to all subsequent offspring.  
 
Although several coccidiostatic drugs have been found to be effective against the parasite, infections 
are usually diagnosed retrospectively when chemotherapy is no longer warranted. To avoid 
infections, it is imperative that cat populations be controlled on farms to avoid contamination of the 
environment by infective oocysts. This will involve feral cat control and advice should be sought 
from local vertebrate pest control authorities. 
 
(b).   Sarcocystis spp. 
 
Both dogs and cats have been implicated in the transmission of another cyst-forming coccidian to 
sheep and goats; namely Sarcocystis spp.  These parasites form tissue cysts in the skeletal muscles of 
their herbivorous hosts; some species forming macroscopic cysts which are classified as carcase 
lesions by meat inspection authorities. Heavily infected carcases may be condemned from human 
consumption and lightly infected carcases must be trimmed free of visible lesions. Most parasite 
species, however, form microscopic cysts which are invisible to the naked eye and therefore go 
undetected. 
 
Experimental studies have shown that the parasites proliferate in the arterioles and capillaries of their 
hosts before forming muscle cysts. Heavy infections have been associated with significant petechial 
haemorrhages into the tissues with attendant blood loss and anaemia. Experimentally, at least, the 
parasites have been associated with mortality, morbidity and production losses in the form of reduced 
weight gain and wool growth in sheep. 
 
Not enough is known about infections in naturally-infected goats to determine whether these parasites 
cause morbidity or illthrift problems in the goat industry in Australia. Infections appear to be 
prevalent in feral goats in outback areas presumably due to the large numbers of potential definitive 
hosts present, such as feral cats, dogs, dingoes and possibly foxes. 
 
HELMINTH PARASITES 
 
Helminths are multicellular nonsegmented worms. Variations in their general body shape allows three 
major groups to be differentiated; roundworms, tapeworms and flatworms. Thousands of species 
have been described from vertebrate hosts but, generally speaking, most infections do not pose 
significant health threats to their hosts. Small worm burdens are usually tolerated without any clinical 
signs of disease. There is mounting evidence, however, that even subclinical infections may be 
associated with substantial production losses. The intensive production of domesticated animals does 
facilitate ease of parasite transmission thereby allowing heavy worm burdens to develop and become 
pathogenic. 
 
Gastro-intestinal nematodes 
 
The most important helminth group in domestic animals are the strongyles (or bursate nematodes) 
which infect the gastro-intestinal tracts of their hosts. Many species occur in sheep and goats and the 
majority are not host-specific but may be transmitted to either host. Many are trichostrongyles, also 
known as hairworms due to their small body size. Despite their minute appearance, collectively they 
can cause serious gastro-intestinal disturbances diminishing the health and productivity of the host. 
The most common helminths of sheep and goats are given in the following table. 
 
TABLE 2.  KEY FEATURES OF COMMON HELMINTH PARASITES 
 
 
Site of 
 
CHARACTERISTICS OF WORM 
Infection  
Head region 
 
Anterior end 
 
Adult size 
 
Genus 
 
abomasum 
 
no cephalic swelling 
 
cervical papillae present 
 
large 
 
Haemonchus 
   medium Ostertagia 
sm. intestines  prominent excretory pore small Trichostrongylus 
  very long oesophagus medium Strongyloides 
 cephalic swelling  small & coiled Cooperia 
   medium & tangled Nematodirus 
 toothed buccal cav. head bent dorsally large & stout Bunostomum 
 tapeworms scolex with suckers large, 2 pores/seg. Moniezia 
    large, 1 pore/seg. Helicometra 
caecum, colon small, indistinct long thin neck large & whip-like Trichuris 
colon large buccal cavity head bent ventrally large & stout Chabertia 
 leaf crowns present papillae near oesophagus large & stout Oesophagostomum 
 indistinct oesophageal bulbous end  small lancet shaped Skrjabinema 
 
 
Most of these parasites have direct life cycles whereby worm eggs are passed into the environment 
with host faeces. Strongyle eggs are usually elliptical, thin-walled and partially embryonated. The 
eggs of individual strongyle species are difficult, if not impossible, to differentiate at this stage. The 
eggs embryonate over a period of time depending on climatic conditions (moisture, temperature, 
oxygen). The eggs then hatch releasing first stage larvae (L1) which feed on bacteria in the soil. The 
larvae go through 2 moults culminating in L3 larvae which are infective to the vertebrate host. L3 
larvae do not feed and they retain their cuticle to avoid desiccation while awaiting ingestion by the 
grazing host. They exhibit daily vertical migration up plant material to put them in the best possible 
position to be ingested by a host. 
Once ingested, strongyle larvae migrate to the abomasum or intestines where they may undergo a short 
histotrophic (tissue) stage before developing into adult worms. Both male and female worms are 
formed and they are usually quite distinct in their morphological characteristics. Following 
copulation, the females lay numerous eggs which are excreted together with the faeces of the host 
thereby completing the life cycle of the parasite. However, the epidemiology of trichostrongyle 
nematodes may be complicated by the fact that some larvae undergo arrested development within the 
mucosa. The period of arrested development generally coincides with the winter and their continued 
development with early spring. A spring rise in egg production is attributable to worms which have 
overwintered in the tissues of the host. This behaviour also coincides with the end of the main 
breeding season of the host and ensures new susceptible individuals are available for infection. 
 
The adults of most small strongyles cause damage to the mucosal surface resulting in significant 
desquamation and villus atrophy. The functional integrity of the gut is severely compromised resulting 
in clinical disease characterised by diarrhoea, reduced weight gain, emaciation and even death. Some 
worms (such as Haemonchus) suck blood from the host causing severe anaemia, oedema and death. 
Many infections may not prove fatal but may resolve spontaneously due to the development of strong 
host immune responses. Infected animals, nonetheless, continue to contaminate the environment with 
worm eggs placing the next generation of animals at risk. Infections in ruminants are generally 
controlled by anthelmintic treatment using a variety of drenches. 
 
TABLE 3.  DRUGS USED AGAINST HELMINTH PARASITES 
 
 
BROAD SPECTRUM DRENCHES  
(effective against a variety of gastro-intestinal nematodes) 
 
 White drenches (benzimidazoles) 
  albendazole        (Valbazen, Closal, Rycoben, Captec) 
  febantel        (Rintal, Armadrench) 
  fenbendazol        (Panacur) 
  mebendazole        (Telmin, Mebendazole, Benzicare) 
  oxfendazole        (Synanthic, Systamex) 
  thiabendazole        (Thibenzole, Ranizole) 
 Clear drenches 
  levamisole        (Levamisole, Ripercol, Armigold, Nilverm, 
           Nilvax, Nilzan, Citarin, Big L, Levicur, Cyverm) 
  morantel        (Exhelm) 
 Combination drenches (cocktails) 
  oxfendazole/levamisole    (Specnel, Scanda) 
 Avermectins (macrocyclic lactones) 
  ivermectin        (Ivomec) 
  milbemycin        (Moxidectin) 
 
NARROW SPECTRUM DRENCHES  
(effective against specific worms; especially blood-sucking nematodes and liver fluke) 
 
  bromsalans        (Fascol) 
  closantel        (Seponver, Closal) 
  naphthalaphos        (Rametin) 
  rafoxanide        (Ranide) 
  triclabendazole       (Fasnex) 
 
Unfortunately, the efficacy of many drenches has now been compromised by the emergence of drench 
resistant strains of parasites in sheep and goats throughout most grazing zones of Australia. Worms 
have become resistant to white drenches, clear drenches and even more recently, to avermectins. 
Inappropriate treatment practices expose worms to sublethal drug concentrations and thereby provide 
ideal conditions for the development of drench resistance. Numerous recommendations have been 
made to ensure that correct drench strategies are used. Each state in Australia has established a worm 
control program and relevant literature is available from many government agencies, agricultural 
consultants and stock agents. Most recommendations are common sense and concern the selection of 
an appropriate drench and methods of ensuring its correct delivery. 
 
Many laboratories currently offer drench resistance tests to determine the extent of drench resistance 
occurring on individual properties. These tests are based on faecal egg count reduction tests which 
quantify the percentage reduction in worm eggs excreted by drenched animals as compared to 
undrenched controls. Groups of animals are treated separately with white, clear, combination and 
avermectin drenches and faeces are collected 10-14 days later. The faeces are examined in the 
laboratory for worm eggs which are enumerated by the McMaster egg counting technique giving the 
result as the number of eggs per gram of faeces. Drenches are deemed to be effective only if egg 
counts are reduced by greater than 95%. 
 
Drenching programmes should be planned and instituted on a regular basis to have maximum effect. 
Some programmes are based around summer drenching in combination with worm monitoring and 
pasture management. It is not recommended that drenches be changed any more frequently than once a 
year and all new stock should be tested for drench resistant worms. 
 
Like all medications, drenches must be given effectively. It is essential that recommended dose rates 
be adhered to because underdosing can select for resistance. It has been shown that producers 
consistently underestimate the live body weight of their stock therefore attempts should be made to 
weigh several of the heaviest animals in the flock and all dose rates should be based on these 
animals. All drenching equipment must be well maintained and the accuracy of the drench gun should 
be checked.  
 
When drenching, remember that ruminants have an oesophageal groove reflex which permits drugs to 
bypass the rumen. Delivering the drench at the front of the mouth can activate this groove resulting in 
rapid elimination of the drug from the host. Drenches must be delivered over the tongue at the back of 
the throat so they access the rumen and extend their working time. It is also suggested that the feed 
intake of the animals be reduced 24 hours before drenching to slow down the flow of gut contents and 
increase the working time of the drug. This may be particularly important in goats which are generally 
accredited with having faster metabolic rates than sheep. This is certainly true for hepatic (liver) 
metabolism and most drenches are cleared much faster from goats than sheep. This implies that 
stronger doses may be required but the safety level before toxic drug concentrations are reached is 
marginal at the very least. If more drench is required, do not give higher doses but give divided doses 
more frequently. 
 
Lastly, never underestimate the efficacy of effective grazing management on the control of parasites. 
Neonates and pregnant animals are most susceptible to infection therefore graze them on the least 
contaminated pastures. Rotation grazing can be instituted whereby cattle and sheep/goats can be 
alternated on pastures. Nearly all cattle parasites will not infect sheep or goats. But remember, most 
worms in sheep will infect goats (and vice versa) so rotational grazing of sheep and goats will have 
no effect. 
FUTURE DIRECTIONS 
 
The treatment of many parasitic diseases has become difficult due to the emergence of drug resistant 
strains of parasites. Nonetheless, the pharmaceutical industry is continuing to explore alternate and 
novel chemical modalities for the treatment of infections. Natural substances produced by plants and 
invertebrates are being screened for anthelmintic activity as many are hosts for other parasite species. 
Molecular biological techniques are currently being used to engineer new chemicals and produce 
experimental vaccines. Despite the promise of future studies, producers are currently faced with a 
diminishing repertoire of resources to combat parasitic diseases and minimise production losses. 
Practitioners are therefore examining new strategies (or variations of old strategies) to prolong the 
life of existing drugs and reduce the chances of inadvertently selecting for further drug resistant 
strains of parasites. Considerable emphasis should also be given to management strategies aimed at 
preventing infections in the first place. There is truth to the old adage, prevention is better than cure! 
In the long run, it must be cheaper as well. 
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